Supporting Information Experimental details for the acquisition of the NMR spectra
For the initial cross-polarization (CP) transfer step from 1 H to 13 C, a ramped CP (from 100 % to 80 %) with a contact time of 0.4 ms (0.2 ms in case of 13 C-13 C SPC-5 [1] ) was used. The initial CP contact time from 1 H to 15 N was set to 0.2 ms.
For all experiments, the proton decoupling during the acquisition and evolution times was carried out using an r.f. field strength of 83.3 kHz and the SPINAL-64 [2] decoupling scheme. During the N-C SPECIFIC-CP [3] steps in the triple resonance experiments continuous wave (CW) proton decoupling with an r.f. field amplitude of 83.3 kHz was employed. The CW proton decoupling during the SPC-5 recoupling blocks was carried out using 110 kHz of r.f. field amplitude.
All experiments were conducted using 2 dummy scans and a recycle delay of 2 s. The 2D and 3D NMR spectra were acquired in a phase-sensitive manner using TPPI. Further acquisition parameters and experimental times can be found in Table S1 .
Before Fourier transform, the acquired points were zero-filled and window functions were applied. The corresponding parameters are given in Table S2 . Table S1 . Overview of acquisition parameters and experimental times. "F1" refers to the direct dimension, whereas "F2" and "F3" refer to the indirect dimensions. "ns" refers to the number of scans. Table S2 . Overview of processing parameters. "F1" refers to the direct dimension, whereas "F2" and "F3" refer to the indirect dimensions. The φ-angle defines the phase shift of the squared sine window function. Figure S2 . Transmission electron microscopy image of the ssNMR needle sample taken after the collection of all NMR data for this study. The presence of the needles confirms that they were not destroyed or altered by cryogenic freezing in the glycerol/water matrix or by microwave irradiation. Table S3 . Chemical shifts (in ppm relative to DSS) of the resonances that could be assigned. Deviations from the known resonances at ambient temperature [5] are highlighted (> 1 ppm in yellow, > 3 ppm in red). 
